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Developmental Coordination Disorder (DCD) is a common childhood disorder affecting

movement and coordination skills, fitness, and academic performance. Increased

physical fitness may have a positive influence on physical and mental health outcomes

in children with DCD. Yet, little has been done to develop interventions to improve fitness

performance in this group. The purpose of this study was to determine the effects of

graded exergames in 7 to 12-year-old children with DCD and typically developing (TD)

peers. Participants (32 DCD and 28 TD children) received a 30-min training session

twice weekly for 10 weeks. Performance on motor coordination (MABC-2 test), balance,

aerobic, and anaerobic fitness tests were assessed at the beginning and end of training.

In addition, enjoyment and perception of exertion were measured for each participant

during the training period. Both children with DCD and TD children significantly improved

on motor coordination, balance, aerobic, and anaerobic fitness at the end of the

training. A significant Group by Time interaction was observed on the MABC-2 total

[F (1,55) = 13.19; p < 0.001] and balance scores [F (1,55) = 26.83; p < 0.0001], with

the DCD group demonstrating larger improvements than the TD children. Both groups

enjoyed the program throughout the training period even though they rated the training

to be of high intensity. These findings indicate that graded exergames may serve as

potential treatment for impaired fitness in children with DCD. Regular participation in

graded exergames in school settings may be needed to enhance and maintain fitness

performance in young children with and without DCD.

Keywords: fitness performance, children, active video game, developmental coordination disorder, training

intensity, balance, agility

INTRODUCTION

Children with developmental coordination disorder (DCD) exhibit severe motor
clumsiness that interferes with academic achievement and the activities of daily
living (American Psychiatric Association, 2013). DCD occurs in ∼5–6% of children
worldwide and is not explained by medical conditions or low IQ (American Psychiatric
Association, 2013). Poor fitness performance is well-documented in children with DCD
in both high- and low-income countries (Faught et al., 2005; Tsiotra et al., 2009;
Rivilis et al., 2011; Ferguson et al., 2014; Lifshitz et al., 2014; Farhat et al., 2015).
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In general, children with DCD are more likely to have decreased
physical fitness compared to peers with typical development
(TD), perhaps due to an activity deficit resulting from poor
motor proficiency and withdrawal from physical activity (Hay
and Missiuna, 1998; Tsiotra et al., 2009; Cairney et al., 2017).
Despite the enormous number of interventions developed to
address DCD symptomatology, little research has been done to
address DCD-related fitness impairments. Searching for effective
methods to increase fitness performance is critical if we are to
improve health and wellness in children with DCD.

Physical fitness consists of a set of measurable characteristics
that people gain through various physical efforts (Deuster,
1997; Corbin et al., 2000). These include components such as
cardiovascular endurance, body composition, muscle strength,
endurance, flexibility, balance, coordination, agility, and reaction
time (Deuster, 1997; Corbin et al., 2000). Among children, higher
levels of physical fitness have been associated with healthy body
weight, optimal psychological and bone health, and lower risk
for obesity and cardiovascular diseases (Boreham et al., 2001;
Biddle et al., 2004; Ortega et al., 2008; Janssen and LeBlanc, 2010).
Additionally, adequate physical fitness is positively associated
with high academic achievement (Castelli et al., 2007; Wittberg
et al., 2012). Despite these benefits, recent studies have shown
a decline in physical fitness among children worldwide (Lang
et al., 2018; Tomkinson et al., 2019). It is therefore necessary to
maximize efforts that will ensure that children of all abilities and
socioeconomic backgrounds are provided with an opportunity to
increase physical fitness and to participate in meaningful daily
activities (Faigenbaum et al., 2011).

Exercise is the most frequently used treatment for children
with DCD. Previous exercises that have been tested in individuals
with DCD vary in type, intensity, frequency, and duration (Smits-
Engelsman et al., 2018). Two very different popular approaches
to exercise in the DCD literature are task-oriented functional
exercises and active video games or exergames (Blank et al.,
2019). While task-oriented exercises have been reported to
produce greater improvements in motor coordination compared
to exergames, evidence shows that exergames can serve as a
useful adjunct to therapy (Blank et al., 2019). Unfortunately,
there is currently little or no evidence to guide caregivers (health
professionals, educators, coaches/physical trainers) to select the
most effective type of exercise for the treatment of impaired
physical fitness in young children with DCD. This lack of
evidence suggests that treatment for poor fitness performance
may be sub-optimal.

Active video games have been proven to be safe, engaging,
enjoyable, and beneficial for improving motor coordination in
children and adolescents with DCD (Ferguson et al., 2013;
Hammond et al., 2014; Bonney et al., 2017a; Mentiplay et al.,
2019). More recently, graded active video exercises have been
demonstrated as a feasible approach to promoting physical fitness
in youth with DCD (Bonney et al., 2018). However, we are
not aware of any published research that has tested graded
active video exercises in elementary school-aged children with
or without DCD. Therefore, the purpose of this study was to
determine the effects of graded active video exercises on health-
and skill-related fitness measures in children with DCD and

typically developing peers. Specifically, the following objectives
were pursued: (1) to determine whether elementary school-
aged children would tolerate graded active video games, (2) to
quantify exercise intensity during the training period, and (3) to
examine changes in physical fitness and motor performance at
pre- and post-intervention.

MATERIALS AND METHODS

Study Design
This study was conducted as a pre-post design.

Participants
Thirty-two (n= 32) elementary school children (aged 7–12 years)
with DCD (15 boys, 17 girls) and twenty-eight (n = 28) age-
and gender-matched TD children (13 boys, 15 girls) attending
school in an economically-deprived area of Cape Town, South
Africa, participated in this study. The study was approved by the
Human Research Ethics Committee (HREC) of the University of
Cape Town, South Africa (HREC: 209/2018). Parents provided
written consent, and each child gave assent before participation.
Sample size was established with G∗Power 3.1. (Faul et al., 2007)
based on the assumption of an effect size of 0.7 and at least 90%
power. Thus, a sample size of 24 children per group was deemed
adequate to examine the hypothesis. All 32 children meeting the
DCD criteria were offered the intervention.

Procedure
Identification of Participants
Participants were identified using a three-step process (see
Figure 1). First, children were tested on the 20m shuttle run
(SR) test after consent procedures had been completed. Second,
children who performed below the 20th percentile on the SR test
(fitness performance was evaluated based on VO2 max percentile
scores published by Kolimechkov et al., 2019) and whose parents
had completed a demographic questionnaire were assessed
on the Movement Assessment Battery for Children, second
edition (MABC-2 test) (Hendersen et al., 2007). The parental
demographic questionnaire (Ferguson et al., 2013; Bonney et al.,
2017b) asked about the pregnancy history of the child’s mother,
presence of visual, auditory, intellectual, or motor difficulties,
established medical diagnoses (e.g., cerebral palsy), and whether
the child experienced movement difficulties. Last, children
whose parents gave informed consent to undergo additional
testing were further evaluated for DCD using the DSM-5
diagnostic criteria (American Psychiatric Association, 2013) and
were asked to take part in the training. Briefly, children with
movement difficulties reported by their parents and who scored
below the 16th percentile on the MABC-2 test; whose parents
reported no diagnosis of a significant medical condition known
to affect motor performance, visual, auditory, or attentional
problems; and whose teacher confirmed the absence of cognitive
impairment were identified as having DCD. The children with
DCD were then matched with typically developing (TD) peers
whose motor performance was ≥25th percentile on the MABC-
2 test. The TD children had no problems with academic work
(as confirmed by their class teacher), and their parents reported
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FIGURE 1 | Consort statement depicting the enrollment steps.

Frontiers in Sports and Active Living | www.frontiersin.org 3 April 2021 | Volume 3 | Article 653851

https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles


Smits-Engelsman et al. Effect of Exergames in DCD

no diagnosis of a significant medical condition known to affect
motor performance. For ethical reasons, we invited all children
who met the DSM-5 diagnostic criteria for DCD to participate
in the study. However, children were excluded if they had any
documented medical condition that hindered their participation
in the training. Selected children were also assessed on the
balance and agility tests described below.

Assessments
All pre- and post-tests were administered by a team of trained
physical therapists not involved in the training. Testing was
spread over several days (14 days) to avoid fatigue. The MABC-
2 and Foam Balance tests were administered individually.
Sprints and agility tests were performed in pairs at the school’s
playground. For these tests, children were tested in alternating.
Thus, while one child was being tested, the other was allowed to
rest. The 20m shuttle run test was done in groups of four or five
children supervised by three or four testers.

Post-tests were planned to take place in the last 3 weeks
before the school holidays. However, several unanticipated
events occurred in this period, including water shortages, poor
sanitation, interruption of electricity supply, and unanticipated
community protest action regarding poor municipal service
delivery resulting in the temporary closure of the school over
safety concerns. Consequently, post-testing was stopped after
the first week of testing. Furthermore, no testing was allowed
after the children returned to school to complete the last quarter
of the academic year. This is because research activities are
usually not permitted in schools at this time of the year in
the Western Cape Province of South Africa. In view of this,
many of the children had incomplete data. We did not exclude
children with incomplete test results because at least one post-
test result was available for each child (see Table 1 for details of
the study design).

Measures Taken at Pre- and Post-Training

Shuttle Run Test
The Shuttle Run (SR) test was used to evaluate aerobic fitness
performance. The test was performed in accordance with
recommendations proposed by Leger and Lambert (1982). The
highest level achieved by participants was recorded and used in
the analysis. The SR test has been demonstrated to have good
test-retest reliability (ICC= 0.93) and validity (r = 0.72) and had
been used in an earlier study involving South African children
(Ferguson et al., 2013).

Movement Assessment Battery for Children Test, Second
Edition (MABC-2 Test)
The MABC-2 test measures motor performance in children aged
3–16 years (Hendersen et al., 2007). The test involves eight
motor tasks divided into three categories: manual dexterity,
aiming and catching, and balance skills. The raw scores for
each category were converted to standard scores and percentiles,
and these values were summed to generate overall percentile
scores. Percentiles can be interpreted as follows: normal motor
development (≥25th percentile), being at risk for motor
difficulties (5th percentile < x ≤16th percentile), or having

TABLE 1 | Study design.

Activity Description Duration

Pre-selection assessments Children were assessed on SR and

MABC-2 tests

2 weeks

Pre-training assessments Children were assessed on balance and

agility performance

2 weeks

Training Week 1: Gaming with no extra challenge

Week 2: Gaming with no extra challenge

Week 3: Gaming on Airex Mat (L 50 × W

40 × H 1.5 cm)

Week 4: Gaming on Airex Mat (L 50 × W

40 × H 1.5 cm)

Holidays Students went on holidays; training was

halted during this period

2 weeks

Week 5: Gaming on Foam pad (L 47 × W

39 × H 6cm)

Week 6: Gaming on Foam pad (L 47 × W

39 × H 6cm)

Week 7: Gaming on Foam pad (L 47 × W

39 × H 6cm) plus 1 kg vest

Week 8: Gaming on Foam pad (L 47 × W

39 × H 6cm) plus 1 kg vest

Week 9: Gaming on Foam pad (L 47 × W

39 × H 6cm) plus 2 kg vest

Week 10: Gaming on Foam pad (L 47 ×

W 39 × H 6cm) plus 2 kg vest

Post-training assessment Children were assessed on MABC-2, SR,

balance, and agility tests

3 weeks

significant motor difficulty (≤5th percentile) (Hendersen et al.,
2007). The MABC-2 test has demonstrated good validity and
test-retest reliability with ICC values ranging from 0.92 to 0.98
(Hendersen et al., 2007).

Ladder Agility Test (LAT)
The LAT was used to measure children’s agility performance
(Smits-Engelsman et al., 2019). The LAT consists of two off-the-
shelf 4m agility ladders. These ladders were adapted by moving
the 10 crossbars and fixating them at different distances to create
two different ladders, “normal” and “accuracy.” For the “normal
ladder” all the squares had equal sizes; the 10 3-cm broad yellow
bars were separated by 36 cm. The “accuracy ladder” had unequal
spaces between the bars to increase the spatial demands of the
task. The first square was 44 cm in length, and the distance
between the bars in successive squares decreased by 2 cm (44, 42,
40, 38, 36, 34, 32, 30, and 28 cm). Hence, both ladders had equal
length (354 cm).

Both ladders with rungs of nine squares were positioned on
the floor, and a designated turning point was marked 50 cm at
one end of the ladders. From one end of the ladder, participants
were instructed to step into each square as quickly as possible,
make a 180◦ turn at the other end, and run back to the starting
position. Participants began with both feet behind the crossbar
of the first square and completed the test when they got back
to the starting point. Upon hearing the “go signal,” the child
was required to run forward using the required stepping pattern
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(single run: one foot in each square, or double run: two feet per
square), turn at the turning point demarcated with a colored
cone, and return to the starting point by following the same
running pattern (Smits-Engelsman et al., 2019). Each participant
performed two repetitions on each of the four items: type of
ladder (normal and accuracy) with each running pattern (single
or double run). Children had a 30 s rest between the two ladder
types to ensure adequate recovery. The time taken to complete a
full lap on each trial was recorded. Also, the number of mistakes
produced during testing was recorded. A mistake was defined
as either missing a square, placing the wrong foot or feet in the
squares, and/or stepping on the bar separating two consecutive
squares. The maximum number of mistakes allowed was three.
If three or more mistakes in one run were made, an extra trial
was given.

Foam Balance Test
Participants’ balance was assessed using the foam balance test.
For this test, a child was required to assume a one-legged stance
on an Airex balance foam [i.e., a high-density closed-cell foam
pad (47 × 39 × 6 cm, 0.7 kg)]. Participants’ performance was
timed using a stopwatch. Each subject completed two trials per
leg in a maximum of 20 s. A 10-s rest was allowed between trials.
A maximum of 5 s practice session was allowed prior to the start
of each test so that subjects could gain some familiarity with the
support surface. For all trials, the subjects placed their hands
on their hips, and timing started when the opposite foot was
lifted from the floor and stopped when the child could no longer
control his or her posture or dropped the elevated foot. The best
time recorded (in s) was used for the analysis.

10× 5m Sprint Test-Straight
For this test, each participant was required to perform 10 quick
runs over a distance of five m without stopping (Bonney et al.,
2019). Colored cones were used to demarcate a 5-m running
course in a designated hall. The participant begins at the starting
point and runs toward the opposite end as quickly as possible.
After every 5m, the participant turns around and continues to
run until 10 laps are completed. The time used to complete
10 laps was recorded (measured in s). This test was conducted
individually under the supervision of a trained assessor. The
test has good reliability in typically developing children (Bonney
et al., 2019).

The Functional Strength Measure (FSM)
One upper (overarm throwing of a sandbag) extremity
item and one lower extremity (standing-long-jump) item
of the FSM (Aertssen et al., 2016) were used to assess
functional muscle strength. These test items assess maximal
explosive power (distance in cm). The FSM test has excellent
psychometric properties in this population (Aertssen et al., 2016).

Körperkoordinationstest Für Kinder (KTK)
Two items of the Kiphard and Schilling (2007) were used to
measure dynamic coordination and body control. The KTK
consists of four test items: (a) walking backwards on a balance
beam (3, 4.5, and 6 cm), (b) hopping over an obstacle, (c)
jumping sideways over a wooden board, and (d)moving sideways

using two wooden platforms. Specifically, two tests—jumping
sideways, i.e., jumping from side to side, two-legged, for 15 s, and
shifting platforms, i.e., moving sideways on two wooden boards
for 20 s,—were used in this study. Two trials were given, and a
summed score was used for the analysis. Test-retest reliability
coefficients for the raw score are reported to be r= 0.95 (Kiphard
and Schilling, 2007).

Measures Taken During the Training Period

Heart Rate
Heart rate was measured for each participant during the training
with a Polar heart rate monitor (Polar S810). The device was
strapped across the participant’s chest, and heart rate readings
were recorded with an accompanying wristwatch. Resting heart
rate (HR) and peak heart rate were recorded, and the estimated
maximum heart rate was computed using the formula: estimated
maximum heart rate (EMHRmax) = 206 – (0.88 × age) (Robergs
and Landwehr, 2002). Also, the percentage of the estimated
HR reached during the training was calculated to ascertain
whether an individual child’s maximum HR was above the
recommended level.

Perceived Exertion
The Borg Rating of Perceived Exertion (RPE) scale was used to
monitor the intensity of the exercises during the training (Borg,
1998). The Borg RPE scale consists of numerical values 6–20,
where 6 means “no exertion at all” and 20 means “maximal
exertion.” The Borg RPE scale is reported to be valid and reliable
(Day et al., 2004).

Enjoyment Rating Scale
To quantify participants’ enjoyment level during the training
session, the Enjoyment scale was used (Jelsma et al., 2014).
The Enjoyment scale contains five smiley faces with numeric
scores (0–4, 0 meaning “Not fun at all,” and 4 “Super fun”).
Participants were required to choose a smiley face to indicate
their enjoyment level.

Training
The graded exergames training used in this study was designed
using the Nintendo Wii games and was based on a published
protocol (Bonney et al., 2018). In developing the intervention,
two main criteria were used to select appropriate games:
(1) games should require whole body movement to control
the avatar, and (2) games should be responsive to external
modifications without limiting playability. Based on these
criteria, games such as the “Hula Hoop,” “Perfect 10,” “Jogging,”
“Soccer Heading,” “Obstacle Course,” and “Torso Twists” were
included. Foam pads (1.5 and 6 cm-thick closed cell foam pads)
and vests with sandbags (with weights of 1 and 2 kg) were used
to increase the physical demands of the selected games and to
progressively increase the level of postural challenge required.
A detailed description of the training is provided in Appendix
1 (Supplementary Material). Each participant was required to
play 5–6 games twice for 30min per session, twice weekly for 10
weeks. Half the children trained on Mondays and Wednesdays,
and the other half on Tuesdays and Thursdays. Each 30-min

Frontiers in Sports and Active Living | www.frontiersin.org 5 April 2021 | Volume 3 | Article 653851

https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles


Smits-Engelsman et al. Effect of Exergames in DCD

TABLE 2 | Characteristics of TD and DCD groups at the start of the training.

Variable TD (n = 28) DCD (n = 32)

Mean SD Mean SD

Age 9.82 1.42 9.31 1.12

BMI 16.87 2.94 17.46 3.81

Shuttle run level* 2.39 0.24 2.25 0.31

MABC-2 total standard score** 9.25 1.48 5.13 1.70

*Significantly different between TD and DCD at p < 0.05.

**Significantly different between TD and DCD at p < 0.001.

training session started with warm-up games (e.g., “Basic Steps”
or Jogging”) and included the performance of games from the
three available game categories (anaerobic fitness, balance, and
yoga). During the first 2 weeks, the participants were instructed
to familiarize themselves with the selected Wii games; hence,
no alterations were introduced throughout this period. From
Week 3 to Week 10, games were adjusted to increase the postural
demands and physiological load. This was done through the use
of a foam pad and vest filled with two weights. The training
was given to a maximum of six participants simultaneously in
an enclosed room. Six Wii consoles and TVs were arranged
and partitioned so that participants were not distracted by other
players. Each session was supervised by one physical therapist
and one fitness trainer. One person was responsible for fetching
the children from class and fixing the heart rate monitors and
weight vests. The other was solely responsible for supervising the
training and ensuring that each child had enough time on task.
If a child missed a training session, catch-up sessions were held
on Fridays.

Data Analysis
Data were checked for normality and equality of variances,
and appropriate parametric or non-parametric analyses were
performed. Baseline differences in demographic characteristics,
and motor performance between the training groups were
calculated using chi-square tests (sex) or t-tests (age, BMI,
MABC-2 total, and SR). To estimate the intensity of the training,
averages of the RPE, and HR over 10 weeks were analyzed. The
main effect of Time and the interaction of Time with Group on
the HR, RPE, and Enjoyment scale were analyzed using repeated
measures ANOVA with Time (10 weeks) as the within-group
factor and Group (TD/DCD) as the between-group factor.

Changes in fitness and motor outcomes before and after
training were analyzed using repeated measures ANOVA with
time (pre-post) as within-group factors and group (TD/DCD)
as the between-group factor. If interactions emerged, post-hoc
tests were performed. The standardized mean difference was
calculated by subtracting the mean of the scores at the post-
test from the mean at the pretest and dividing this difference
by the pooled standard deviation. The magnitude of the effect
size was interpreted using Cohen’s Conventions: small = 0.2,
medium= 0.5, large= 0.8 (Cohen, 1988).

The individual peak HR was compared with the percentage
of the estimated maximum HR needed for moderate intensity

training. Next, the correlation between peak HR and RPE and
between peak HR and Enjoyment scores was determined to
ascertain whether greater exertion made playing the games less
fun. To compensate for test-retest bias and determine change at
an individual level, we calculated the number of children who
improved more by estimating the measurement error (SEM) and
the smallest detectable difference (SDD= 1.96× SEM) onmotor,
sprint, and agility tests. All statistical analyses were performed
using the Statistical Package for the Social Sciences (SPSS Inc.,
version 26), and the level of significance was set at p < 0.05.

RESULTS

Group Differences Before Training
No group differences were found between DCD and TD groups
with regard to age, gender, weight, height, or BMI. Significant
differences were found between DCD and TD children on the
MABC-2 and Shuttle Run tests (Table 2).

Comparison of Motor and Fitness
Performance Between DCD and TD Groups
Pre-Post-Comparison
The means for pre- and post-test outcomes with statistics (main
effect of Time) are shown in Table 3. After training, balance
performance was better (MABC-2 Balance and Foam task in
left leg). Large differences were found on the anaerobic and
aerobic items (10 × 5m and SR) as well as on the Ladder
Agility Tasks (Table 3). On only two variables was an interaction
effect for Time by Group found; for the MABC-2 total score
[F(1, 55) = 13.19; p < 0.001] and for the MABC-2 balance
sub score [F(1, 55) = 26.83; p < 0.0001], indicating larger
improvement in the children with DCD compared to TD on this
measure (Table 4 shows pre- and post-test means for the TD and
DCD groups, separately).

Table 5 shows that the training effect was rather specific;
aerobic and anaerobic capacity and agility showed large effect
sizes. Balance improved moderately, whereas skills not trained
(aiming and catching and manual dexterity) and explosive power
(FSM) showed no improvement.

Individual Change
For some of the measures used in this study, SEM and SDD were
known from psychometric studies (Holm et al., 2013; Bonney
et al., 2019). In Table 6, the percentage of children who improved
more than SEM and SDD is shown and indicates that at least half
the children benefitted from the training more than the SDD on
the test. Among children with DCD, 52% significantly improved
on the LAT while this was 36% on the Balance sub score.

Participants’ Characteristics During the Training
The mean Max HR during the training was 139.3 ± 7.2 beats
per minute (bpm) and was not different for the two groups
[F(1, 58) = 2.47; p = 0.12; TD 137.5 ± 7.2, DCD 140.26 ± 6.9].
The estimated max HR was 195.4 ± 1.1; 60% was 118.6 ± 0.67.
In most of the sessions (7/10 of the weeks) the maximum heart
rate measured reached at least 60% of the estimated max HR
for all the children (Figure 2). Of all the HR readings, 30%
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TABLE 3 | Comparison of motor and fitness performance before and after training (mean, standard deviation, F-value for the main effect of Time, p-values, and degrees

of freedom).

Variables Time Statistics

Pre Post

Mean SD Mean SD F p-value df

MABC-2 total score (SS)$ 6.88 2.57 8.05 2.40 15.44 0.0001 57

MABC-2 manual dexterity, (SS) 7.98 2.95 8.09 2.31 0.34 0.61 57

MABC-2 Aiming Catching, (SS) 7.43 2.83 8.09 3.54 2.07 0.16 57

MABC-2 balance, (SS)$ 7.96 3.19 9.57 2.84 14.80 0.0001 57

Foam left (s) 14.07 6.02 16.04 4.86 5.44 0.024 54

Foam right (s) 15.17 6.00 16.04 5.56 1.07 0.31 53

Agility ladder: Normal (s) 10.75 2.25 9.22 1.59 41.13 0.0001 53

Agility ladder: Accuracy (s) 11.07 2.33 9.42 1.61 43.96 0.0001 53

KTK platform (number) 34.26 6.84 39.81 7.35 27.80 0.0001 50

KTK side jumps (number) 49.30 12.82 55.20 14.37 8.09 0.007 40

10 × 5 m: sprint (s) 24.20 2.99 22.75 2.267 12.37 0.001 40

Long jump (cm) 124.60 34.40 124.70 29.73 0.73 0.38 30

Overhand throw (cm) 222.77 51.68 226.20 59.89 0.21 0.65 30

Shuttle run level 2.26 0.239 2.90 1.23 8.38 0.008 27

$Significant Time by Group interaction. Significant values are printed bold.

TABLE 4 | Means and standard deviations of motor and fitness performance variables before and after training for the TD and DCD groups for the children who have

participated in the post-test.

Variables TD DCD

Pre Post Pre Post

Mean SD Mean SD n Mean SD Mean SD n

MABC-2 total score (SS), 9.12 1.5 9.16 2.1 25 5.13 1.7 7.16 2.2 32

MABC-2 manual dexterity, (SS) 9.40 2.8 9.08 2.2 25 6.78 2.5 7.25 2.2 32

MABC-2 aiming catching, (SS) 8.72 2.7 9.20 3.1 25 6.39 2.5 6.97 3.3 32

MABC-2 balance, (SS) 9.96 1.9 9.68 2.7 25 6.31 3.1 9.67 3.0 32

Foam left (s) 14.56 6.7 16.12 6.5 25 13.65 5.5 12.58 6.2 29

Foam right (s) 17.13 4.8 17.5 4.5 25 13.55 6.5 14.82 6.1 29

Agility ladder: Normal (s) 10.60 2.1 8.97 1.5 24 12.11 2.7 10.08 1.6 29

Agility ladder: Accuracy (s) 10.66 2.0 9.17 1.5 24 12.07 2.6 10.45 1.7 29

KTK platform (number) 37.70 5.4 41.87 5.9 23 30.62 6.7 36.19 7.8 27

KTK side jumps (number) 56.71 10.2 61.06 13.2 17 43.82 11.9 50.86 13.9 23

10 × 5m – sprint (s) 23.41 3.02 21.86 2.3 20 24.98 2.8 23.65 1.9 20

Long jump (cm) 133.67 28.29 128.07 30.6 15 115.53 38.4 121.33 29.5 15

Overhand throw (cm) 249.47 53.5 242.47 59.7 15 196.06 33.8 209.93 57.4 15

Shuttle run level 2.35 0.14 3.22 1.6 12 2.19 0.28 2.64 0.79 15

were above the 70% level and 80% above the 60% estimated
max HR level. This confirms that in most cases an adequate
maximum level of intensity was reached. As shown in Figure 2,
HR fluctuated over the 10 weeks [F(9, 50) = 12.24; p < 0.001].
The changes reflect a gradual decrease in the first 4 weeks
before the break and a small increase after the children returned

to the study. Only four children did not reach max heart
rate above 60% of estimated max HR in at least 7 of the 10
training weeks.

The mean perceived exertion was rated 12.1 (SD = 0.93)
indicating “somewhat hard” exercise. The perception of the
two groups regarding the intensity of the training was similar
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[F(1,58) = 0.008; p = 0.93)]. Variation over the 10 weeks is
depicted in Figure 3 [F(9, 50) = 13.27; p < 0.001]. The RPE went
down gradually but increased for many children after the 2 kg
vest for children was added.

The enjoyment in playing the games fluctuated between
Super fun (score 4) and Fun (score 3). No differences between
the ratings were found between the TD and DCD group
[F(1,58) = 0.393; p = 0.53]. Only one child (DCD) in week
3 rated the training as “A bit fun.” “Boring” or “Not fun
at all” was never scored. A main effect of time was found
[F(9,50) = 3.63; p= 0.002]. More detailed analysis showed a cubic
trend [F(1,58) = 4.43; p = 0.04]. There was a drop in enjoyment
after week 1, the lowest value was found at training week 3, and
then rating went up in the rest of the sessions. From week 7, the
loads on the training were increased (week 7 and 8with 1 kg extra;
week 9 and 10 with 2 kg extra), and interestingly, this did not
lead to a decrease in the number of children rating the training
as “Super fun” (Figure 4).

A significant correlation (rp = 0.47, p = 0.001) was found
between the mean max HR during training and the mean
RPE score the children gave after the training. No significant
correlations were found between Enjoyment and mean RPE or
Enjoyment and mean max HR. Children did not like the training
less if it was perceived as harder or lighter.

TABLE 5 | Effect sizes for the changes in motor and fitness performance variables.

Variables Cohen’s d

Shuttle run level 0.87

Agility ladder: Accuracy (s) −0.84

Agility ladder: Normal (s) −0.80

KTK platform (number) 0.78

10 × 5m sprint (s) −0.55

MABC-2 balance (SS) 0.53

MABC-2 total score (ISS) (SS) 0.47

KTK side jumps (number) 0.43

Foam left (s) 0.36

MABC-2 aiming catching (SS) Ns

Foam right (s) Ns

MABC-2 manual dexterity (SS) Ns

Long jump (cm) Ns

Overhand throw (cm) Ns

DISCUSSION

This study was performed to examine the effects of graded
exergames on motor and fitness performance in a sample of
elementary school children with and without DCD. The main
finding of this study was that children with DCD and TD children
experienced gains in motor coordination (i.e., static and dynamic
balance and total body coordination) and fitness performance
(i.e., aerobic, anaerobic, and agility performance) after 10 weeks
of training, which took place in a school setting. A significant
interaction of Group by Time after training was observed and
the DCD group was found to have larger improvements than the
TD children in balance and total body coordination as measured
on the MABC-2 test. Also, our study found that both groups of
participants enjoyed the training and perceived its intensity to be
high (an average of 12 points on the Borg scale). These findings
provide new insights into the effects of graded exergames in
elementary school children. Since this paper adapted and tested
our earlier protocol in young children with and without DCD
(Bonney et al., 2018), we can speculate that the current data
seem to validate the graded exergames protocol in individuals
with DCD.

There is very limited field research on skills training and
fitness training in an elementary school setting. The current
study provides additional data to physical education teachers,
as well as pediatric, physical, and occupational therapists
regarding the importance of graded exergames to enhance
physical fitness in children with movement difficulties in school
settings. However, the adoption of AVGs within the school
environment will ultimately be determined by school staff and
by practical constraints (e.g., availability and storage options for
the equipment; Norris et al., 2016). The fact that we needed
to break down our setup every afternoon and pack it into a
secure storage room may be a real barrier for its use outside
the experimental setting. Importantly, children with DCD in our
study have no other options for intervention. Therefore, using
AVGs during breaktimes could help them improve their skills
and physical fitness, building confidence to take part in regular
playground activities.

On this topic, there are currently limited data to which we
can relate our findings. We found only one study that examined
the feasibility of the graded Wii protocol in youth (females)
with probable DCD (Bonney et al., 2018). In that study, it was
reported that older school children demonstrated improvements
in aerobic and anaerobic fitness after 14 weeks of training.

TABLE 6 | Percentage of individuals with progress beyond the SEM and SDD per group.

Variable Total (%) TD (%) DCD (%)

≥ SEM ≥SDD Improvement ≥ SEM ≥ SDD ≥SEM ≥SDD

Total MABC-2 (n = 57) 34 7 41 14 0 53 13

Cluster balance (n = 57) 19 23 42 7 4 27 36

Total agility ladder (n = 53) 28 40 68 50 25 10 52

10 × 5 sprint (n = 40) 28 23 51 20 30 35 15
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FIGURE 2 | Comparison of heart rate (HR) and Rating of Perceived Exertion (RPE) scale for TD children and children with DCD during the 10 weeks of training.

FIGURE 3 | Comparison of the percentage of Estimated Maximum Heart Rate that TD children and children with DCD reached during the 10 weeks of training.

Important points made for the children with DCD in that older
age group may be even more relevant for this study. It could
be that children with DCD felt more at ease without their peers
watching them and the feedback provided by the games may have
helped focus their attention inward instead of externally. Another
benefit of this type of exercise is the ability to run the program in

small spaces within the safety of the school premises. Last, the
fact that exercising this way is a fun alternative to the traditional
class-based exercise creates an opportunity to expose children
with movement difficulties to a variety of options to develop a
positive attitude toward exercise (Sheehan and Katz, 2013). This
may help reverse withdrawal from physical activity, as motor
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FIGURE 4 | Enjoyment levels reported by the children during the 10 weeks of training.

competence and confidence in one’s ownmotor skills are essential
elements in the intrinsic desire to participate in physical activity
(Higgs et al., 2008).

In the present investigation, both children with DCD and TD
peers made significant gains in aerobic fitness, anaerobic fitness,
agility performance, and balance (both static and dynamic) even
though the training period was less than that of the previous
study (10 vs. 14 weeks 30 vs. 60min). Participants in our
study reported high enjoyment and perceived exertion, which
was similar in both groups. The collective experience of the
children during the 10 weeks of training was positive (fun to
awesome), and they reached the required 60% estimated peak
HR. Remarkably, the effect sizes recorded for these gains after
training were higher than what was reported in the previous
study (Bonney et al., 2018). This is probably a consequence of the
low start values, younger age (7–12 vs. 13–16 years) with lower
BMI (17.1 vs. 27.5 kg/m2), and high enjoyment. It is also possible
that due to the lack of organized physical activity in the school
and neighboring communities, our 2× 30min fitness-enhancing
graded programwas adequate to stimulate short-term gains (after
10 weeks) in motor skills and fitness in these children.

A strength of our study rests on the fact that this study was
conducted among 7- to 12-year-old children with DCD and age
matched TD peers and adherence with our training was 100%.
On the other hand, there are limitations. Our design had no
control group, which makes it vulnerable to threats to internal
validity. There is the possibility that other events (e.g., history,
maturation, testing effects, and statistical regression) than the
intervention administered might have caused the observed
changes. Unfortunately, it was not possible to include a no-
treatment control group because of ethical concerns associated
with such a group. Furthermore, our results do not provide
insight into the long-term effects of graded exergames on fitness

performance in children with DCD. Despite these shortfalls
and partly missing data, our study demonstrated the potential
value of gradually grading exercises in children with DCD and
provides data that serve to validate previous findings on the
fitness-promoting benefits of graded exergames for individuals
with DCD.
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